Background Flour exposure is known to cause significant respiratory problems.
Impact of worker education on respiratory symptoms and sensitization in bakeries Background Flour exposure is known to cause significant respiratory problems.
Aims
To investigate the development of work-related sensitization, the period between first exposure and the development of symptoms (latent period) and the impact of workplace training programmes on respiratory health in plant bakers.
Methods
Two hundred and sixty-four bakers were investigated by assessing work-related respiratory symptoms and latent period before symptoms/sensitization, spirometry and testing for an array of workplacespecific IgE.
Results
There was a significant relationship between the presence of work-related respiratory symptoms and flour dust allergen-specific IgE. Latent periods varied widely: median for work-related nasal symptoms 36 months, cough 42 months and chest tightness 120 months. Latent periods were shorter for workers with evidence of flour sensitization (work-related wheeze: mean 13 months with sensitization, 97 months without, P , 0.05, work-related nasal symptoms, respectively; mean 19 months, 71 months, P , 0.01). Those warned of the health implications of flour dust had less work-related wheeze (warned; 1%, not warned 11%, P , 0.05). There was an excess of work-related symptoms and work-related-specific IgE combined in those who had not been warned of these health implications (12 versus 1%, P ,0.01).
Introduction
Flour exposure continues to cause significant respiratory problems, despite historic [1] and contemporary [2, 3] data supporting a firm link between workplace exposures and the development of rhinitis and asthma. Incident cases of flour related allergy remain relatively common as judged by a UK-based reporting scheme [4] . The mechanisms and agents responsible for the development of baker's allergy are not well described; the situation is complex, with more than one agent present in flour dust being potentially responsible for the health effects seen. Good evidence supports the role of wheat flour [5] , fungal-alpha-amylase and other enzymes as significant causes of allergy [6] . Recent publications implicate other individual allergens within the complex flour dust mix, including rye [7] and gliadins [8] . It is also assumed that flour dust is a respiratory irritant, causing symptoms by a non-allergic mechanism.
The duration of the latent period has previously been suggested as a helpful way of distinguishing between different types of occupational asthma or indeed between work aggravated and occupational asthma [9] . In principle, very short latent periods would be more consistent with predominantly irritant effects of flour exposure, whereas longer latent periods (of at least a few months) would be more consistent with the development of allergic sensitization [10, 11] . Additionally and specifically, occupational asthma due to flour exposure has previously been associated generally with particularly long latent periods [5] , further supported by a study of pastry makers [12] .
While reduction in exposure levels per se would be expected to reduce sensitization and respiratory disease, the recent Standard of Care for Occupational Asthma [10] stresses the importance of the role of worker education in achieving reduction in worker ill-health.
This study was designed to address two particular aspects of workplace-related allergy in bakers. First, the length of time reported to develop work-related and non-work-related respiratory symptoms in the flourexposed environment (the latent period) and secondly whether worker-training programmes had any impact on reducing reported symptom and sensitization to workplace allergens through possible changes in behaviour and attitudes to the risk.
Methods
Two plant bakeries, known to our research organizational network, agreed to participate in this cross-sectional study. All workers at each site were eligible for inclusion in the study population, regardless of current flour exposure. Each consenting worker was required to complete an interviewer-administered questionnaire, performed spirometry and gave blood for specific IgE testing.
All study participants completed an interviewer-administered questionnaire, recording demographic information, current flour exposure and respiratory symptoms (cough, wheeze, chest tightness, dyspnoea and nasal irritation).Symptomswereconsideredtobework-related,ifthey were reported to be worse at work and/or better on rest days or holidays. The questionnaire used was an adapted Medical Research Council style respiratory questionnaire [13] with additional questions to document work relatedness and latency in the current job (the time between first flour dust exposure and the development of symptoms). The questionnaire has undergone internal, unpublished, validation of its ability to identify various health end points. As assessment of latency is potentially complicated by symptoms due to previous flour exposure, various questions were included to identify those workers with symptom onset in the current worksite, in comparison to symptoms commencinginprevious(flouror non-flourexposed)work.
A self-administered questionnaire was also completed prior to the main questionnaire, enquiring about their recollection of various aspects of health and safety information given to each worker at the time of starting work at that site, specifically relating to the health risks of flour dust exposure. This also documented current knowledge of the symptoms of asthma and rhinitis and whether respiratory protective equipment was supplied and/or used and whether the worker felt they were in a job with current flour dust exposure. The study did not have ethical agreement to source original training records.
All workers underwent spirometry using a portable electronic spirometer (Microlab, Basingstoke, UK), which was verified daily by one of the research team (R.B.). The testing proceeded if the volume used for verification was recorded to 63%, the current American Thoracic Society recommendation [14] and compared to predicted values [15] .
Blood was collected from consenting workers, and quantitative specific IgE was determined using the ImmunoCAP test system (Phadia UK). These tests were carried out on an automated ImmunoCAP 100 instrument to a standard operating procedure [16, 17] . Serum samples were tested for specific IgE to common aero-allergens for atopy (Phadiotop), wheat, rye, barley, oats and fungal-alpha-amylase. Allergens were pre-covalently coupled to the ImmunoCAP and incubated with the test serum. Following washing, enzyme-labelled anti-human IgE was added to the ImmunoCAP and allowed to complex to any IgE bound to the UniCAP. Any unbound antihuman IgE was removed by washing and a developing agent was incubated with the bound complex. The fluorescence of the eluate was measured and compared directly against a reference dilution curve. The test sample was then assigned a specific IgE class from 0 to 6, ranging from undetectable to very high levels of specific IgE. A value greater than zero was taken to indicate the presence of the relevant specific IgE and for the purposes of this paper classed as a positive result.
Chi squared testing (with Fisher's exact where appropriate) was used to investigate the relationships between categorical variables. Mann-Whitney U-test and an independent samples t-test were used to compare means of continuous data where appropriate.
Logistic regression was performed to identify the optimal combination of potential predictor variables that estimated the presence of work-related respiratory symptoms. The model development was carried out using demographic factors, smoking and other significant variables identified during univariate analysis. All variables were added simultaneously, the resulting odds ratios reflecting an effect adjusted for all other variables within the model. Statistical significance was taken at the 5% level and all testing was carried out using SPSS (SPSS for Windows v 14.0.2).
This study was approved by the ethics committee of the Health and Safety Executive. All workers gave written informed consent to participate.
Results
Three hundred and eighty subjects were available on the days the bakeries were visited and all were invited to participate. Three hundred and five subjects agreed to take part, although only 264 completed the assessments, giving an overall response rate of 69%. Two hundred and seventeen subjects (82%) provided a blood sample for IgE analysis. A range of specific occupations was represented including office workers, drivers, cleaners, engineers and bakery operatives (mixers, weighers, bakers and wrappers). Two hundred subjects (76%) reported current flour exposure.
The mean age of respondents was 42.8 years (SD 10 years) and the majority were male (217 of 264). Just under a third were current smokers (31%) and 30 (11%) had a self reported history of asthma. Eight-seven (33%) reported a history of ever having had eczema, hay fever or allergy. Table 1 shows demographic data according to the presence or absence of current daily flour exposure, noting a higher proportion of males currently exposed. Similar proportions reported a history of asthma or allergic disease (eczema, hay fever or allergy).
There were no significant differences in the prevalences of non-work-related respiratory symptoms between those with and without current flour exposure, except for a history of wheeze ever, which was more common in those with current flour exposure (46 versus 28%, P , 0.05).
As shown in Table 2 , work-related respiratory symptoms were significantly more common in those with current flour exposure. Table 3 illustrates cross-sectional differences in specific IgE to common and workplace allergens between current exposure groups. There was no difference in atopy between those with and without flour exposure, and 19% of the flour-exposed population had evidence of specific sensitization to one or more occupational allergens.
The prevalence of non-work-related respiratory symptoms was similar between current exposure groups with and without evidence of specific IgE to occupational allergens. However, two non-work-related symptoms were found to be more prevalent in those workers with evidence of occupational sensitization; 'ever undue shortness of breath' was significantly more prevalent in those with occupational sensitization than in non-sensitized workers (26 versus 12%, P , 0.05). General nasal symptoms were also more common in the sensitized group (50 versus 31%, P , 0.05).
As shown in Table 4 , a significant relationship between work-related symptoms and occupational sensitization was found for many symptom types. When considering latency, the analysis was confined to all workers with work-related respiratory symptoms. Table 4 also shows the median latency in months seen for all work-related symptoms and a comparison of median latency between those with and without evidence of occupational sensitization. Overall, median latency periods varied widely. For example, nasal symptoms had a median reported latency of 36 months, work-related cough 42 months, wheeze 48 months, shortness of breath 63 months and chest tightness 120 months. Work-related nasal symptoms had the shortest latency period (median 36 months) and work-related chest tightness the longest (median 120 months). There was a significant relationship between specific sensitization and shorter length of latency period when considering all workers with work-related symptoms for wheeze and nasal symptoms.
Forced expiratory volume in 1 s (FEV 1 ) and the FEV 1 / forced vital capacity ratio were both significantly reduced in those with evidence of workplace sensitization, in comparison to workers with no evidence of IgE to workplace allergens. For example, the mean percentage predicted FEV 1 of those with sensitization, n 5 33, was 91% in comparison to 99% in those 183 workers without sensitization, P , 0.01.
Of the total population, excluding 19 with missing data, 97 (40%) recalled previously being warned of the 
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health implications of breathing flour dust. Similar proportions of flour-exposed (74/184) and non-flourexposed (23/61) workers recalled having been warned of the health implications of breathing flour dust when they started work (40 versus 38% NS). Current flourexposed workers who recalled being warned of the health implications were more likely to have been aware of the existence of exposure limits for flour (63 versus 48%, P , 0.05), to have received specific training in keeping flour dust levels down (44 versus 30%, P , 0.05) and in the use of respiratory protective equipment (93 versus 59%, P , 0.01), more likely to have been asked whether they had asthma when starting work (82 versus 42%, P , 0.001) and to have commenced a health surveillance programme (83 versus 41%, P , 0.001). Work-related respiratory symptoms were more commonly reported (in those with current flour exposure) by those workers who did not recall being warned of the health implications of breathing flour dust compared with those that had received this warning, as shown in Table 5 .
Specific sensitization to workplace allergens was generally more prevalent in those not warned of the effects of flour dust, but none of these differences were significant at the 5% level. For example, 7 of 62 (11%) workers who recalled being warned of flour dust health problems were found to have specific IgE to wheat flour, in comparison to 17/96 (18%) of those not recalling being warned (NS). Similarly, 4 of the 59 workers (6.8%) who recall being warned about flour were found to have specific IgE to fungal-alpha-amylase in comparison to 8 of the 92 (8.7%). The prevalence of atopy did, however, differ between these groups; those warned (16/59, 27%) and those not warned (43/92, 47%), P , 0.05.
While those recalling being warned did not appear to have a greater knowledge of the early signs and symptoms of asthma and rhinitis, they were more aware that flour improvers could cause asthma (88 versus 68%, P , 0.01). When combining work-related symptoms and the presence of work-related-specific IgE presence, there was a clear excess of this combination in those who did not recall being warned of the health implications of breathing flour dust (12 versus 1%, P ,0.01).
Logistic regression analysis, shown in Table 6 , carried out to identify predictive factors for the presence of any work-related respiratory symptom, identified that increased knowledge and awareness through recollection of a warning about the health implications of flour dust exposure was significantly protective against the development of work-related respiratory symptoms, corrected for both other training attributes and other host-related risk factors.
Discussion
This study confirmed an anticipated relationship between sensitization to workplace allergens and flour exposure. Sensitization to rye, barley and oat were high given the nature of the bakery population studied, although this level may reflect response to both historic and current allergen exposure.
The main new findings from this study relate to the relationship between work-related respiratory symptoms, sensitization, latent period and the perceived benefits of worker training. Firstly, work-related symptoms typically attributed primarily to sensitization (nasal symptoms, wheeze and chest tightness) were all significantly more common in those with occupational sensitization. Additionally, these symptoms occurred generally with a shorter latent period in those with sensitization, with median values ranging from 36 months for nasal symptoms following first exposure to 54 months for wheeze. The duration of these latent periods are consistent with acquisition of 'early' sensitization of the airway [18] and in keeping with the latent periods seen for other occupational allergens [11] .
Nasal symptoms, wheeze and chest tightness also occurred in non-sensitized workers but were associated with longer latent periods, although the origin of these symptoms is less clear. Various possibilities exist, including allergic mediated disease due to sensitization to less commonly exposed allergens such as additives (to which IgE has not been assessed in this study; previous work has identified 40 different antigens, of which 18 bound specific IgE from the sera of sensitized bakery workers [19] ), to allergens at a very low level of exposure within the bakery or that these symptoms are due to an alternate non-allergic disease such as chronic obstructive pulmonary disease.
Secondly, symptoms not closely associated with allergy, namely work-related cough and shortness of breath, generally showed a different pattern. Although the prevalence of work-related shortness of breath was more common in sensitized workers, the latent period over which it developed was longer. Likewise, the presence of work-related cough was associated in the small number of sensitized workers with a very long latency and its presence per se was not influenced by sensitization status. Thirdly, the findings of this study highlight the potential importance of worker education on risk perception, showing that workers who recalled being warned of the health implications of breathing flour dust were significantly less likely to report current work-related respiratory symptoms. This may be because these subjects had an increased awareness of the risks and modified their behaviour to reduce their exposure (e.g. mask wearing), although assessment of behaviour change (including starting to use a face mask, for example) was not possible given the constraints of a cross-sectional design. Interestingly, this effect persisted strongly after correction for other potentially contributing factors, including participation in a health surveillance programme and workplace training. Again, it is very difficult to assess why this is the case, although there may be a particularly strong message associated with warning about health rather than just training bakers to reduce their exposure without explaining why. A previous study [20] has reported similar benefits for an educational intervention in asthmatic farmers. Warning about the potential health effects of flour dust was also associated with a marked reduction in the combination of work-related respiratory symptoms and the presence of IgE to a workplace allergen, perhaps the closest definition of occupational asthma possible within the constraints of this study.
This study has significant potential limitations, most notably because of its cross-sectional nature. Worker participation bias could potentially have influenced the findings. In addition to the well-recognized healthy worker effect that could have affected latent period calculation and prevalence of symptoms in the population, workers with current symptoms may have either not participated due to fears of job security or alternatively may be over-represented in the sample if they perceived potential benefit from study participation. It is possible that all these influences could have affected reported symptom rates, latency duration and the benefits of worker training. It is also at least possible that those with symptoms differentially recalled being part of a health surveillance programme rather than being warned of flour dust exposure, although there is no evidence from this study to either support or refute this possibility. In summary, we have found current high levels of work-related respiratory symptoms and workplace sensitization in workers at large plant bakeries. Latent periods for each symptom varied widely, although certain patterns emerged. The findings of this study do not support the notion of very long latent periods for those developing typical allergic-mediated symptoms, as previously suggested, although certain work-related symptoms, for example, shortness of breath and cough, were associated with median latent periods of over 100 months.
Additionally, a clear relationship was found to exist between reduced work-related respiratory symptoms and being warned of the potential health effects of flour dust when starting work, although participation in health surveillance and training to keep flour levels down did not appear to benefit workers in a similar manner. These findings suggest that simple, often overlooked, health education messages may have an important impact on improving baker's well-being and further study of such impact is required to establish exactly which components of worker advice are most important in influencing risk perception and behaviour.
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